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©  Grafted  polyalphaolefins  and  method  for  producing  same. 
©  A  method  of  making  grafted  polyalphaolefin  polymer 
comprising  providing  (a)  an  aluminum  compound  having  the 
formula  RaAljXs  or  R„AIX3.n,  wherein  R  is  C,-C18  alkyl,  C7-C8 
aralkyl*  C7-C9  alkaryl  or  Ce-Ci0  aryl;  X  is  CI,  Br  or  I,  and  n  is  an 
integer  from  1  to  3;  (b)  a  polyhalogenated  compound  having 
the  formula  (-CHjCR'R2)^,  wherein  R1  is  hydrogen  or 
d-Cs  alkyl;  R2  is  linear  or  branched  C2-C3o  alkyl;  Y  is  CI,  Br  or 
I;  m  is  an  integer  from  3  to  3000;  and  p  is  an  integer  of  at 
least  3;  and  (c)  a  cationically  polymerizable  monomer  having 
the  formula  CH^CR^2,  wherein  R1  and  R2  have  the 
meanings  above;  and  (B)  bringing  into  contact  above  (a),  (b) 
and  (c)  under  polymerization  conditions. 

Also  described  are  the  graft  polymer,  the  polyhalogen- 
ated  compound  and  that  where  R2  is  methyl,  a  method  for 
increasing  the  viscosity  of  oil  by  addition  of  the  graft 
polymer,  and  an  oil/graft  polymer  composition. 
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  A  method  of  making  grafted  polyalphaolefin  polymer 
comprising  providing  (a)  an  aluminum  compound  having  the 
formula  R3Al2X3  or  RnAlX3-n,  wherein  R  is  C1-C18  alkyl,  C7-C9 
aralkyl,  C7-C9  alkaryl  or  C6-C10  aryl;  X  is  Cl,  Br  or  I, and  n  is  an 
integer  from  1  to  3;  (b)  a  polyhalogenated  compound  having 
the  formula  (-CH2CR1R2)myP,  wherein  R'  is  hydrogen  or 
C1-C3  alkyl;  R2  is  linear  or  branched  C2-C30  alkyl;  Y  is  Cl,  Br  or 
I;  m  is  an  integer  from  3  to  3000;  and  p  is  an  integer  of  at 
least  3;  and  (c)  a  cationically  polymerizable  monomer  having 
the  formula  CH2=CR1R2,  wherein  R'  and  R2  have  the 
meanings  above;  and  (B)  bringing  into  contact  above  (a),  (b) 
and  (c)  under  polymerization  conditions. 

Also  described  are  the  graft  polymer,  the  polyhalogen- 
ated  compound  and  that  where  R2  is  methyl,  a  method  for 
increasing  the  viscosity  of  oil  by  addition  of  the  graft 
polymer,  and  an  oil/graft  polymer  composition. 



This  invent ion  re la tes   to  novel  composi t ions  useful   as  l u b r i c a t -  

ing  oils,  hydrau l ic   fluids  and  the  like  and  to  the i r   method  of  p r e p -  
a r a t i o n .  

It  is  known  that   alpha  olefins  may  be  po lymer ized   to  high  o r  
low  v iscos i ty   funct ional   f lu ids .   The  choice  of  c a t a ly s t   and  t e m p e r a -  
tu re   are  the  p r imary   means  by  which  p r o d u c t   v i scos i ty   is  r e g u -  
l a t e d .  

It  is  known  that   high  v iscosi ty   po lya lphao le f ins   can  be  p r e -  
pa red   using  ca ta lys t   sys tems  based  on  aluminum  hal ides ,   comb ina -  

tions  of  alkyl  aluminum  chloride  and  alkyl  hal ides  and  Ziegler  c a t a -  

l y s t s .  

Both  high  and  low  v i scos i ty   alpha  olefin  ol igomers  are  k n o w n  

to  be  useful   in  the  p r o d u c t i o n   of  func t iona l   f luids  such  as  l u b r i -  

can t s .   Low  viscosi ty   o l igomers ,   (for  example  those   hav ing   a  k i n e -  

matic  v iscos i ty   from  2  to  10  (m2/s)   x  10-6  at  100°C)  are  f r e q u e n t l y  

used  as  the  main  base  stock  for  s y n t h e t i c   l u b r i c a n t s   having  e x -  

cellent   low  t e m p e r a t u r e   f lu id i ty .   They  are  f r e q u e n t l y   t h i c k e n e d  

with  high  molecular  weight   r u b b e r y   polymers   or  v iscous   oils.  More 

v iscous   po lya lphaolef ins   ( e . g .   K.V.=40-100  (m2/s )   x  10-6  at  100°C)  

are  genera l ly   added  to  low  v iscosi ty   na tu ra l   or  s y n t h e t i c   fluids  a s  
t h i c k e n e r s   and /o r   v i scos i ty   index  ( V . I . )   i m p r o v e r s .  

Refe rences   of  i n t e r e s t   a r e :  

U.S.   Patent   4 ,045,508  t eaches   the  p r e p a r a t i o n   of  low  v i s c o s i t y  

alpha  olefins  from  a  va r i e ty   of  ca ta lys t   combinat ions   based  on  b o r o n  

t r i f l u o r i d e   and  proton  d o n o r s .  

U.S.   Patents   2 ,525,788  and  3 ,637,503  d e s c r i b e   the  p r e p a r a t i o n  

of  highly  viscous  po lya lphao le f ins   as  t h i c k e n e r s   and  V. I .   i m p r o v e r s .  

U.S.   Patent   2 ,525,788  desc r ibes   a  method  based  on  the  use  o f  

aluminum  bromide  ac t iva ted   with  HBr  as  ca t a lys t   wherein   a l p h a  

olefins  are  polymerized  at  very   low  t e m p e r a t u r e s .  

U.S.   Patent   3 ,637,503  de sc r ibe s   as  ca t a lys t   aluminum  c h l o r i d e  

"ac t iva t ed"   with  h y d r o g e n   chlor ide .   The  reac t ion   cycles  d i s c l o s e d  

in  these   two  pa ten ts   i l l u s t r a t e   that   the  p r o d u c t i o n   of  high  v i s c o s i t y  

po lya lphao le f ins   r e q u i r e s   not  only  low  t e m p e r a t u r e s ,   but  also  long  

reac t ion   times.  This  fact  is  f u r t h e r   disclosed  in  the  p u b l i c a t i o n :  



"Some  Effects   of  Monomer  Chain  Leng th   on  the  P r o p e r t i e s   of  Normal  

Alpha  Olefin  Polymers  using  an  Aluminum  Cloride  Ca ta lys t "   b y  

J.  P.  Giannet t i   and  A.  M.   Henke,   A b s t r a c t s   of  Papers   P r e s e n t e d   a t  

New  York,   N.Y.  Sept.   9-13,  1963,  page  18.  This  p u b l i c a t i o n  

re la tes   that   even  at  a  cons tan t   po lymer i za t ion   t e m p e r a t u r e ,   the  r a t e  

at  which  monomer  is  added  to  c a t a l y s t   has  a  s t rong   in f luence   on  t h e  

v i scos i ty   of  the  oligomer  p r o d u c e d .  

U.S .   Pa ten t   4 ,041,098  d e s c r i b e s   a  soluble  ca ta lys t   sys tem  f o r  

the  po lymer iza t ion   of  alpha  olef ins .   P roduc t i on   of  material   be low 

CGO  is  s t r e s s e d .   It  will  be  shown  tha t ,   while  modera t e ly   h i g h  

v i scos i ty   f luids  can  be  p r e p a r e d   from  the  t each ings   of  this  p a t e n t ,  
the  improvemen t s   t augh t   in  the  c u r r e n t   invent ion   are  un ique   i n  

p r o d u c i n g   composit ions  having  high  v i s c o s i t y .  

The  p r e p a r a t i o n   of  graf t   po lymers   is  i l l u s t r a t ed   in  the  fo l low- 

ing  r e f e r e n c e s :  

Graft   Modification  of  P o l y ( v i n y l c h l o r i d e )   and  R e l a t e d  

Reac t ions ,   Journal   of  Polymer  Science:   Part   A-1,  Vol.  10,  

2507-2525  (1972).  In  this  r e f e r e n c e   bu t ad i ene   or  i s o b u t y l e n e  

are  g r a f t ed   onto  p o l y v i n y l c h l o r i d e .   The  g ra f t ing   of  only  a  f ew 

p e r c e n t   monomer  onto  the  PVC  s u b s t r a t e   improves  t h e r m a l  

s t a b i l i t y .  

Block  and  Graft   Copolymers   by  Selective  Cationic  I n i t i a -  

t ion.  Syn thes i s   and  C h a r a c t e r i z a t i o n   of  S t y r e n e - I s o b u t y l e n e  

Block  Copolymers   by  Use  of  C h l o r o b r o m i n a t e d   Alkanes ,   J o u r n a l  

of  Polymer  Science:  Polymer  C h e m i s t r y   Edition,  Vol.  13,  29-37  

(1975)  d iscloses   cationic  g r a f t i n g   of  s t y r e n e   and  i s o b u t y l e n e  

onto  a  dihalo  compound  to  form  high  molecular  weight   b l o c k  

p o l y m e r s .  

Improved   The rmop la s t i c   E las tomers   T h r o u g h   C a t i o n i c  

Po lymer iza t ion ,   J.  Polymer  Sci . :   Symposium  No.  56,  13-32 

(1976).   This  r e f e r ence   r e p o r t s   the  g r a f t i ng   of  aromatic  mono-  

mers  onto  ch lo r ina ted   butyl   r u b b e r   or  ch lo r ina ted   e t h y l e n e  

p r o p y l e n e   r u b b e r   to  p r o d u c e   polymers   having  glassy  a n d  

r u b b e r y   segments   and  d i sp l ay ing   t he rmop las t i c   p r o p e r t i e s .   I n  

the  de sc r i bed   polymers  the  polyhalo   r u b b e r   s u b s t r a t e s   f o r m e d  

over   50%  of  the  final  p r o d u c t   m a s s .  



Other   r e f e r e n c e s   of  i n t e re s t   a r e :  

P.H.  Plesh,   Chem.  Ind.  (London)   1958,  954.  

J .P .   Kennedy   et  al. ,  Polym.  Prep .   14(2) ,  974   ( 1 9 7 3 ) .  

J .P .   Kennedy   et  al. ,   Polym.  P r e p . ,   15(1),   393  (1975.  

U.S.   Pa tent   3565878. 

F rench   Pa ten t   1564485  and  Br i t i sh   Pa ten t   1174323. 

None  of  the  above  r e f e r e n c e s   d e s c r i b e   or  s u g g e s t   g ra f t   p o l y -  

merizat ion  w h e r e i n :  

(a)  the  s u b s t r a t e   may  be  a  ha logena t ed   polymer  of  t h e  

same  monomer  which  is  to  be  g r a f t ed   onto  said  s u b s t r a t e ;  

(b)  the  ha logena ted   s u b s t r a t e   conta ins   at  least   t h r e e  

halogen  atoms  (as  f u r t h e r   d e s c r i b e d   below)  and  is  ut i l ized  in  

very  low  levels  as  compared  to  the  monomer  to  be  p o l y m e r i z e d ;  

(c)  v iscous  oils  useful  as  l u b r i c a n t   addi t ives   are  r e a d i l y  

p r o d u c e d ;  

(d)  a lpha -o l e f in s   such  as  decene-1   are  util ized  as  t h e  

monomer;   a n d  

(e)  so lvent   is  not  n e c e s s a r y .  
It  has  been  u n e x p e c t e d l y   found  that   high  v iscos i ty   o l i g o m e r s  

may  be  made  at  po lymer iza t ion   t e m p e r a t u r e s   and  ra tes   not  t a u g h t   in  

the  pr ior   ar t .   The  a d v a n t a g e s   gained  by  the  t each ings   of  t h e  

ins tan t   inven t ion   lie  pr imari ly   in  the  much  lower  heat  e x c h a n g e  

capaci ty   r e q u i r e d   (to  maintain  pr ior   art   low  t e m p e r a t u r e s )   and  in  

the  amount  of  material   which  can  be  p r o d u c e d   in  a  given  r e a c t o r  

over  a  given  d u r a t i o n .  

In  the  p rac t i ce   of  this  i nven t ion ,   s y n t h e t i c   h y d r o c a r b o n   f l u i d s  

are  p r e p a r e d   by  con tac t ing   at  modera te   t e m p e r a t u r e s   one  or  m o r e  

cat ionical ly  po lymer izab le   olefins,   such  as  alpha  olefins,   with  a 

ca ta lys t   combinat ion  compris ing  an  organo  aluminum  compound  a n d  

an  organic   h y d r o c a r b y l   compound  con ta in ing   a  minimum  of  t h r e e  

halogen  atoms  per  molecule.  Using  the  ca ta lys t   and  c o c a t a l y s t ,  

accord ing   to  this  i nven t ion ,   highly  v iscous   oligomeric  oils  can  b e  

p roduced   wi thout   the  necess i ty   of  employing  low  p o l y m e r i z a t i o n  

t e m p e r a t u r e s   and  p ro longed   react ion  cycles .   Oligomeric  oils  can  b e  

conven ien t ly   p r e p a r e d   by  combining,   in  a  su i table   react ion  v e s s e l ,  

solutions  of  an  organo  aluminum  compound  (such  as  diethyl   a lumi -  

num  chloride  in  a  monomer  such  as  d e c e n e - 1 )   with  a  solution  of  a 



p o l y h a l o g e n a t e d   h y d r o c a r b o n   ( such   as  a  p o l y c h l o r i n a t e d   p o l y a l p h a -  

olefin)   in  the  same  or  a  d i f f e r e n t   monomer.  Moderate   t e m p e r a t u r e s  

(0 -60°C)   are  maintained  in  the  reac t ion   zone  by  con t ro l l ing   the  r a t e  

of  mixing  of  the  feed  s t reams   a n d / o r   heat  e x c h a n g e r s .   Reaction  to  

form  the  p r o d u c t   is  very   r ap id ,   and  polymer iza t ion   can  be  a c h i e v e d  

in  a  b a t c h - t y p e   or  con t inuous   fash ion .   Monomer  conver s ion   i s  

normal ly   g r e a t e r   than  95%  and  usua l ly   g r e a t e r   than  99%.  The  c r u d e  

r eac t ion   p r o d u c t   is  then  opt ional ly   " s h o r t s t o p p e d "   with  water   or  a  

low  molecular   weight  alcohol,   followed  by  a  c a t a l y s t   remoyal  s t e p  

such  as  an  aqueous   wash.   Other   methods  of  c a t a ly s t   removal  s u c h  

as  f i l t r a t i o n ,   absorp t ion   or  c e n t r i f u g a t i o n   can  also  be  u t i l ized .   T h e  

c a t a l y s t - f r e e   p roduc t   may  be  s u b j e c t e d   to  an  e v a p o r a t i v e   d i s t i l l a t i o n  

to  remove  low  boiling  ol igomers  ( e . g .   below  C25)  and  hence  i n s u r e  

low  vola t i l i ty   in  the  final  p r o d u c t .   The  oil  is,  op t iona l ly ,   h y d r o -  

g e n a t e d   (be fore   or  af ter   d i s t i l l a t ion)   by  conven t iona l   methods   to  

give  f lu ids   having  o u t s t a n d i n g   oxidat ive   s t ab i l i t y .   Normally  a n  

iodine  number   below  5  and  p r e f e r a b l y   below  2  will  p roduce   a n  

oligomer  with  excel lent   oxidat ion   s tab i l i ty   as  i l l u s t r a t e d   in  U . S .  

Pa t en t   No.  4 , 1 1 0 , 2 3 4 .  

The  aluminum  compounds   su i tab le   for  this  i nven t ion   have  t h e  

formula  R3Al2X3  or  RnAlX3-n ,   where in   R  is  C1-C18  alkyl ,   C 7 - C 9  
a r a lky l ,   C7-C9  alkaryl  or  C6-C10  aryl ;   X  is  Cl,  Br  or  I,  and  n  is  

an  i n t e g e r   from  1  to  3.  Typical   R  radicals   are  methyl ,   e t h y l ,  

p r o p y l ,   bu ty l ,   hexyl ,   octyl ,   decyl ,   dodecyl ,   o c t a d e c y l ,   b e n z y l ,  

cumyl,   tolyl ,   xylyl ,   pheny l ,   n a p h t h y l   and  the  like.  P r e f e r a b l y ,   R 

is  C2-C12  alkyl ,   benzyl  and  tolyl,   and  X  is  Cl  or  B r .  

The  o rganoha l ide s   ope rab le   in  this  invent ion   are  p o l y h a l o g e n -  

ated  o rgan ic   h y d r o c a r b o n s   hav ing   the  formula  ( - C H 2 C R 1 R 2 - ) m Y p ,  

where in   R1  is  h y d r o g e n   or  C1-C3  alkyl,   p r e f e r a b l y   h y d r o g e n   o r  

methy l ,   most  p e r f e r a b l y   h y d r o g e n ;   R2  is  l inear  or  b r a n c h e d   C1-C30  
alkyl ,   p r e f e r a b l y   C1-C18  alkyl  and  most  p r e f e r a b l y   C4-CIO  alkyl;  Y 

is  Cl,  Br  or  I,  p r e f e r a b l y   Cl  or  Br,  most  p r e f e r a b l y   Cl;  m  is  a n  

i n t e g e r   of  from  3-3000,  p r e f e r a b l y   5-500  and  most  p r e f e r a b l y   8 -200 ;  

p  is  an  i n t e g e r   of  at  least   3,  usual ly   3-6000,  p r e f e r a b l y   3-1500  a n d  

most  p r e f e r a b l y   3-400,  it  being  u n d e r s t o o d   that   p  does  not  e x c e e d  

the  n u m b e r   of  r ep laceab le   h y d r o g e n   atoms  within  t h e  

( - C H 2 C R 1 R 2 - ) m   moiety.  The  r e s u l t a n t   graf t   polymer  has  the  f o r -  



mula  A [ ( - C H 2 C R 1 R 2 - ) q ] r ,   A  being  ( - C H 2 C R 1 R 2 - ) m Y p - d ,   w h e r e i n  

R  ,   R2,  Y,  m  and  p  have  the  meanings   above;   q  is  an  i n t ege r   of 

1-100,  p r e f e r a b l y   3-75  and  most  p r e f e r a b l y   6-50;  r  is  an  i n t ege r   of  

3-1500,   p r e f e r a b l y   3-750,  usual ly   3-200;  and  d  has  a  value  of  f rom 

r  t o  p .  

Copolymers   from  mix tu res   of  a lpha -o le f ins   can  also  be  p r e p a r e d  
and  such  methodology  finds  benef i t s   p a r t i c u l a r l y   in  b lends   of  low 

molecular   weight   and  high  molecular   weight   monomers ,   whose  co-  

po lymers   have  p r o p e r t i e s   s u p e r i o r   to  mix tu res   of  the i r   h q m o p o l y -  

m e r s .  

It  should  be  obvious  to  those  skilled  in  the  art  that   a  v a r i e t y  

of  ve ry   useful   funct ional   f luids  can  be  p r e p a r e d   ut i l iz ing  v a r i o u s  

m i x t u r e s   of  the  above  m o n o m e r s .  

As  with  all  po lymer iza t ions   involv ing   organometal l ic   c a t a l y s t s ,  

all  i n g r e d i e n t s   and  equ ipment   used  should  be  free  from  air,   mo i s -  

t u r e   and  o ther   potential   ca ta lys t   po isons .   Equipment   can  be  d r i e d  

by  heat   and  vacuum  while  monomers  can  be  d is t i l led ,   p a s s e d  

t h r o u g h   des i ccan t   columns  or  s to red   over  d e s i c c a n t s .   M a n i p u l a t i o n  

of  the  i n g r e d i e n t s   before  and  d u r i n g   polymer iza t ion   should   s t r e s s  

anae rob i c   condi t ions   and  iner t   gas  a t m o s p h e r e s   where  n e c e s s a r y .  
In  p r a c t i c e ,   the  level  or  o rganoa luminum  compound  u t i l i z e d  

should  be  at  least  0.1%  by  weight   of  the  total  monomer.   T h e  

o r g a n o h a l i d e   usage  should  be  such  to  provide   an  ult imate  t o t a l  

ha logen  to  aluminum  ratio  of  at  least   about   2 .5 /1 ,   p r e f e r a b l y   3/1  o r  

h i g h e r .  

While  the re   is  no  uppe r   limit  on  the  amount  of  e i ther   c a t a l y s t  

componen t ,   t he re   is  not  really  a  need  for  ut i l izing  g r e a t e r   than  5% 

by  weight   of  the  organometa l l ic   compounds   or  by  o p e r a t i n g   a t  

ha logen  to  aluminum  ratios  g r e a t e r   than  2 5 / 1 .  

The  high  molecular  weight   p r o d u c t s   formed  by  the  p rac t i ce   o f  

this  inven t ion   are  novel  composi t ions  which  are  p a r t i c u l a r l y   u s e f u l  

as  t h i c k e n e r s   and  viscosi ty   index  improver s   in  b lends   with  low 

v i scos i ty   f luids .   The  p r o d u c t s   of  this  invent ion   may  c o m p r i s e  

m i x t u r e s   of  g ra f t ed   and  u n g r a f t e d   molecules.   It  is  the  p r e s e n c e   of  

the  g ra f t ed   molecules  d isso lved   in  the  u n g r a f t e d   species   w h i c h  

e s sen t i a l l y   confers   viscosi ty   to  the  p r o d u c t s   of  this  i n v e n t i o n .  



In  a c c o r d a n c e   with  the  t each ing   of  this  i nven t ion ,   the  mole-  

cular  weight   (and  t he re fo re   the  v i s cos i ty )   of  the  h a l o g e n a t e d  

h y d r o c a r b o n   base  polymer  can  be  r ap id ly   i nc reased   in  a  c o n t r o l l a b l e  

m a n n e r .  

While  such  g r a f t i ng   t e c h n i q u e s   are  known,   they  i n v a r i a b l y  

relate  to  the  p r o d u c t i o n   of  high  molecular   weight   graf t   and  b l o c k  

polymers   where in   a  monomer  is  g r a f t e d   to  a  very   high  m o l e c u l a r  

weight   r u b b e r   or  plast ic  and  where   the  s u b s t r a t e   and  p o l y m e r i z e d  

monomer  are  completely  d i f f e ren t   spec ies .   F u r t h e r m o r e ,   the  w e i g h t  

ratio  of  h a l o g e n a t e d   s u b s t r a t e   to  monomer  is  f r e q u e n t l y   a round  1  t o  

1.  In  the  p r e s e n t   inven t ion ,   r e l a t ive ly   low  levels  of  h a l o g e n a t e d  

s u b s t r a t e   are  ut i l ized  so  that   the  final  p r o d u c t   is,  in  e s s e n c e ,  

polymer ized   monomer  cons i s t ing   of  u n b r a n c h e d   and  highly  b r a n c h e d  

( g r a f t e d )   spec ies .   In  cases  where   polymer ized   monomer  is  h a l o -  

gena ted   and  then  g ra f t ed   with  more  of  the  monomer,   the  p r o d u c t   i s  

100%  pu re .   This  la t te r   ins tance   is,  in  fact ,   a  p r e f e r r e d   prac t ice   o f  

the  i n v e n t i o n .   Such  a  "pure"   g ra f t   is  a d v a n t a g e o u s   in  p r o d u c i n g  

viscous  oils.  T h e r e   is  e ssen t ia l ly   no  a d v a n t a g e   in  p r o d u c i n g   p u r e  

gra f t s   of  solid  r u b b e r s .  

As  ment ioned   p r e v i o u s l y ,   the  p roces s   of  this  invent ion   p r o -  
vides  means  for  i n c r e a s i n g   the  v i scos i ty   of  a  re la t ive ly   low  v i s c o s i t y  

po lya lphao le f in   in  a  facile  m a n n e r .   Due  to  the i r   e x t r a o r d i n a r y  

shear   s t ab i l i t y ,   the  graf t   polymers   of  this  invent ion   are  most  s u i t -  

able  as  v i s cos i ty   index  improver s   for  other   oils,  e . g . ,   l u b r i c a t i n g  

oils,  such  as  mineral   oils,  s y n t h e t i c   oils,  such  as  p o l y a l p h a o l e f i n s ,  

or  compatible   e s te r   f luids.   It  has  been  found  that   high  m o l e c u l a r  

weight ,   l inear   v i scos i ty   index  improve r s   have  the  t e n d e n c y   t o  

succumb  to  polymer   scission  in  a  high  shear   e n v i r o n m e n t ,   such  a s  

diesel  or  gasol ine  engines   or  t u r b i n e s ,   whereas   the  i n s t an t   g r a f t  

polymers   are  be l ieved  to  have  a  comb-l ike  con f igu ra t i on   and  a p p e a r  
to  be  less  p rone   to  mechanical   b r e a k d o w n   because   of  their   r e l a t i v e  

c o m p a c t n e s s .  
The  g r a f t   polymers   of  this  inven t ion   may  be  s u b j u g a t e d   t o  

ha logena t ion   and  s u b s e q u e n t   f u r t h e r   g ra f t   po lymer iza t ion   r e a c t i o n .  

In  fact ,   d e p e n d i n g   on  the  a n t i c i p a t e d   r e q u i r e m e n t s   of  use,  s u c h  

h a l o g e n a t i o n / g r a f t i n g   p r o c e d u r e s   may  be  ca r r ied   out  several   t imes  

wi thout   falling  outs ide   the  scope  and  in ten t   of  this  i n v e n t i o n .  



Example  I 

This  example  i l l u s t r a t e s   the  p r e p a r a t i o n   of  r e l a t ive ly   low  v i s -  

cosity  oligomers  of  decene  made  accord ing   to  U.S.  Pa tent   4 , 0 4 1 , 0 9 8 .  

This  example  is  outs ide  the  scope  of  this  i n v e n t i o n .  

A  d ry ,   n i t rogen   filled  4 -necked   500  ml.  round  bottomed  f l a s k  

was  f i t ted  w i t h :  

(1)  A  t h e r m o m e t e r .  

(2)  A  125  ml  d r o p p i n g   funnel   having  a  p r e s s u r e   e q u a l -  

izing  side  arm  and  a  s t o p p e r .  

(3)  A  similar  d r o p p i n g   funnel   connected  to  a  n i t r o g e n  

source   and,   via  a  T - t u b e ,   to  a  " b u b b l e r "   conta in ing   mineral  oil 

for  p r e s e r v a t i o n   of  s l ight   n i t rogen   p r e s s u r e   in  the  s y s t e m .  

(4)  An  overhead   mechanical   s t i r r e r .  

Benea th   the  flask  was  placed  a  cold  water  bath  on  a  jack  t o  

permit   per iodic   cooling  when  n e c e s s a r y .  
Decene-1  and  t e r t i a r y   butyl   chlor ide  were  added  to  funnel   ( 2 )  

in  the  amounts   r e c o r d e d   below.  Decene-1  and  alkyl  a l uminum 

compounds   were  added  to  funnel   (3)  as  r eco rded   be low.  

The  total  charge   of  decene  was  200  ml,  po r t ioned   so  t h a t  

funne l s   (2)  and  (3)  conta ined  equal  volumes  after   the  o ther   i n g r e d -  

ients  were  a d d e d .  

The  con ten t s   of  funnels   (2)  and  (3)  were  added  with  v i g o r o u s  

s t i r r i n g   at  equal  ra tes   to  the  flask  so  that   addit ion  was  c o m p l e t e d  

in  90  m i n u t e s .  

The  t e m p e r a t u r e   was  mainta ined   at  42i2°C  by  admin i s t r a t i on   o f  

the  cooling  bath  as  r e q u i r e d .   After   addi t ion  was  complete,   s t i r r i n g  

was  con t inued   for  an  addi t ional   15  minutes   and  then  the  c a t a l y s t  

was  d e s t r o y e d   by  the  addi t ion  of  5-10  ml  of  methanol .   The  p r e -  

c ip i ta ted   ca ta lys t   was  removed  by  f i l ter ing  the  reac t ion   s l u r r y  

t h r o u g h   a  bed  of  F-20  [ t r a d e m a r k ]   a l u m i n a .  

Opt ional ly ,   a  solvent   such  as  hexane   may  be  added  to  t h e  

q u e n c h e d   p r o d u c t   pr ior   to  f i l t r a t i o n .  

The  clear  crude  oligomer  was  then  sub jec ted   to  vacuum  d i s t i l -  

lation  to  remove  low  boiling  so lvents   and  any  species  below  C25 '  
Materials   boiling  below  about   175°C  at  a  vacuum  of  0.1  mm  w e r e  

removed  to  give  the  des i red   p r o d u c t   in  g r e a t e r   than  90%  y i e ld  

(based   on  monomer  c h a r g e d )   having  a  flash  point  over  500°F .  



The  following  table  summar izes   the  po lymer iza t ions   and  g i v e s  

the  v iscometr ic   p r o p e r t i e s   of  the  p r o d u c t   oils.  - 

tBC  =  t e r t i a r y   butyl   c h l o r i d e  

These  po lymer iza t ions   show  that   the  reac t ion   of  t e r t i a r y   b u t y l  

chlor ide   with  the  pr ior   art   a lkyla luminum  chlor ides   of  United  S t a t e s  

Pa ten t   No.  4 ,041,098  p r o d u c e s   ca t a lys t   spec ies ,   all  of  which  make  

essen t i a l ly   ident ical   oligomers  hav ing   near ly   the  same  k i n e m a t i c  

v i scos i ty   ( K . V . )   and  ( number   a v e r a g e )   molecular   w e i g h t s .   T h e  

molecular   weight   d i s t r i b u t i o n s   of  the  polymers   were  e s s e n t i a l l y  

i d e n t i c a l .  

Oligomers  having   v i scos i t ies   below  40  c en t i s t okes   (at  1 0 0 ° C ) ,  

as  made  in  this  example,   are  not  p a r t i c u l a r l y   useful   as  t h i c k e n e r s  

or  V.I .   i m p r o v e r s .  

Example  II 

This  example  i l l u s t r a t e s   a  typical   p rac t ice   of  this  i n v e n t i o n .  

In  a  po lymer iza t ion   conduc ted   s u b s t a n t i a l l y   in  a c c o r d a n c e   w i t h  

Example  I,  e x c e p t   that   t e r t i a r y   butyl   chlor ide  was  r ep l aced   with  a 

p o l y c h l o r i n a t e d   po lya lphao le f in .   The  la t te r   was  p r e p a r e d   by  c h l o r -  

ina t ion,   at  e levated  t e m p e r a t u r e s ,   of  a  po lydecene   oligomer  having   a 

molecular   weight   of  2000.  After   ch lo r ina t ion ,   the  ch lor ine   c o n t e n t  



was  30.2%  by  weight ,   and  the  molecular  weight   was  2865.  T h e  

a v e r a g e   number   of  ch lor ine   atoms  per  molecule  was  24.4.  S e v e n t e e n  

grams  of  this  p o l y c h l o r i n a t e d   po lya lphole f in ,   h e r e a f t e r   r e f e r r e d   t o  

as  P-2000-30 .2   were  employed .   The  p roduc t   oil  had  the  fo l lowing  

p r o p e r t i e s :  

Gel  pe rmen ta t ion   c h r o m a t o g r a p h i c   analysis   of  the  r e s u l t a n t  

p r o d u c t   indicated   the  p r e s e n c e   of  a  mixture   of  two  d i s t inc t   p o r -  
t ions ,   i . e . ,   graf t   polymer   and  homopolymer.   The  g ra f t   p o l y m e r  

hav ing   a  number   a v e r a g e   molecular   weight   of  about   12800  a m o u n t e d  

to  47.3  p e r c e n t   of  the  total  p r o d u c t .   The  molecular   weight   of  t h e  

l inear   po lya lphaolef in   po r t ion   was  essent ia l ly   the  same  as  that   o f  

Example  I-A.  It  was  ca lcu la ted   tha t   ca.  40  mole  p e r c e n t   of  t h e  

chlor ine   atoms  or ig inal ly   s i t u a t e d   on  the  s u b s t r a t e   p r o d u c e d   g r a f t -  

ing  s i t e s .  

The  unique  high  molecular   weight   graf t   species   p r o d u c e d   b y  

this  p roces s   are  r e s p o n s i b l e   for  the  inc reased   v i scos i ty   of  t h e  

p r o d u c t   of  Example  II  over   the  p r o d u c t   formed  in  Example  I - A  

u n d e r   subs t an t i a l l y   ident ical   p roce s s   c o n d i t i o n s .  

Example  I I I  

This  example  examines   the  c o n s e q u e n c e s   of  d e c r e a s i n g   t h e  

level  of  P - 2 0 0 0 - 3 0 . 2 .  

An  ol igomerizat ion  of  decene   was  per formed  s u b s t a n t i a l l y   as  in  

Example  II,  except   tha t   only  8.5  g  of  P-2000-30. 2  was  u t i l i z e d .  

The  p r o d u c e d   fluid  had  the  following  p r o p e r t i e s :  

It  was  calculated  that   the  ave rage   number   of  g ra f t   chains  p e r  

spine  molecular  was  16.57  and  that   the  Mn  of  the  g r a f t ed   s p e c i e s  

was  20,160.  The  g ra f t   molecules   accounted   for  39.3%  of  the  p r o d -  

uct.   Thus ,   a l though  each  g ra f t   molecule  was  on  the  ave rage   l a r g e r  



than  in  Example  II,  the  lower  p e r c e n t a g e   of  graf t   caused   by  t h e  

use  of  less  spine  r e s u l t e d   in  a  lower  v i scos i ty   p r o d u c t .  -  

Example  IV  

This  example  i l l u s t r a t e s   the  effect   of  t e m p e r a t u r e   on  the  g r a f t  

process   of  this  i nven t ion .   Example  III  was  essent ia l ly   r e p e a t e d  

except   that   the  t e m p e r a t u r e   was  ma in ta ined   at  22±2°C.  The  p r o p -  
ert ies  of  the  p r o d u c t   oil  w e r e :  

It  is  ev iden t   that   by  r e d u c i n g   the  reac t ion   t e m p e r a t u r e   p r o d -  

uct  v iscos i ty   can  be  i n c r e a s e d .  

Example  V  

This  example  i l l u s t r a t e s   the  use  of  ethyl  aluminum  d i c h l o r i d e  

(EtAlCl2)  as  the  o rganoa luminum  compound .   The  p r o c e d u r e   a n d  

i n g r e d i e n t s   of  Example  I-C  was  s u b s t a n t i a l l y   r epea t ed   excep t   t h a t  

t e r t i a ry   butyl   ch lor ide   was  r ep l aced   by  8.5  grams  of  P - 2 0 0 0 - 3 0 . 2  

po lych lo r ina t ed   p o l y a l p h a o l e f i n .  

The  p r o d u c t   oil  had  the  following  p r o p e r t i e s :  

It  was  ca lcu la ted   that   the  a v e r a g e   number   of  graf t   chains  p e r  
s u b s t r a t e   molecule  was  18.4,  and  the  Mn  of  the  g ra f ted   species   w a s  

21,918.  The  g r a f t e d   molecules  a c c o u n t e d   for  42.6%  of  the  p r o d u c t .  

In  this  i n s t a n c e ,   74%  of  the  ch lor ines   on  the  spine  were  the  site  o f  

a  graf t   c h a i n .  

Example  VI  

This  example  exp lores   the  c o n s e q u e n c e s   of  var ia t ions   in  t h e  

mode  of  addi t ion  of  i n g r e d i e n t s   to  the  reac t ion   vessel .   Using  t h e  

i n g r e d i e n t s   l isted  in  Example  III,  po lymer iza t ion   was  pe r fo rmed   b y  

first   adding  8.5  grams  of  P-2000-30 .2   p o l y c h l o r i n a t e d   s u b s t r a t e   to  

the  react ion  flask  and  then  add ing   slowly  a  solution  of  Et2AlCl  in 



200  ml  of  decene -1 .   The  p r o d u c t   is  l isted  as  VI-A  in  the  t a b l e  

be low.  

In  a  second  po lymer iza t ion ,   all  the  Et2AlCl  was  added  to  t h e  

react ion  flask  and  a  solution  of  the  P-2000-30.2   in  decene-1   w a s  
added  slowly.  The  p r o p e r t i e s   of  the  p roduc t   oil  are  listed  u n d e r  

V I - B .  

The  following  table  compares   the  viscometr ic   p r o p e r t i e s   of  

Examples  III,  VI-A  and  V I - B :  

Al though   all  th ree   modes  of  mixing  produce   oils  of  h i g h e r  

molecular  weight   than  Example  I-A,  it  appears   that  the  method  o f  

addit ion  employed  in  VI-A  p r o d u c e s   s l ight ly   lower  v i scos i ty   t h a n  

obse rved   in  III  or  V I - B .  

Example  VI I  

This  example  i l l u s t r a t e s   the  use  of  a  t r ialkyl   aluminum  com-  

pound  in  the  p r e p a r a t i o n   of  g ra f t   polymer .   Example  V  was  s u b -  

s tant ia l ly   r e p e a t e d ,   except   tha t   the  ethyl  aluminum  d ich lor ide   w a s  

replaced   by  24  millimoles  of  t r i e thy l   aluminum.  The  r e s u l t i n g   p r o d -  

uct  had  a  v iscos i ty   at  100°C  of  75.57  (m2/sec)   x  10-6  and  a  v i s -  

cosity  index  of  174.  A  control  run  ut i l iz ing  t r ie thyl   aluminum  a n d  

t e r t i a r y   butyl   chloride  p roduced   an  oligomer  having  a  v i scos i ty   o f  

only  20.38  ( m 2 / s e c ) 1 0  6   at  1 0 0 ° C .  



1.  A  m e t h o d   o f   m a k i n g   g r a f t e d   p o l y a l p h a o l e f i n  

p o l y m e r   c h a r a c t e r i s e d   in   t h a t   t h e   m e t h o d   c o m p r i s e s  

(A)  p r o v i d i n g  

(a)  an  a l u m i n u m   c o m p o u n d   h a v i n g   t h e   f o r m u l a  

R3A12X3  or   R n A l X 3 - n ,   w h e r e i n  R   i s   C 1 - C 1 8   a l k y l ,  

C 7 - C 9  a r a l k y l ,   C7-C9  a l k a r y l   or   C6-C10   a r y l ;   X  i s  

C l ,   Br  o r   I ,   and   n  i s   an  i n t e g e r   f r o m   1  to   3 ;  

(b)  a  p o l y h a l o g e n a t e d   compound   h a v i n g   t h e   f o r m u l a  

( -CH2CR1R2)mYp,   w h e r e i n   R1  i s   h y d r o g e n   or   C 1 - C 3  
a l k y l ;   R2  i s   l i n e a r   or   b r a n c h e d   C 2 - C 3 0  a l k y l ;   Y 

i s   C l ,   Br  o r   I ;   m  i s   an  i n t e g e r   f r o m   3  t o   3 0 0 0 ;  

and   p  i s   an  i n t e g e r   of   a t   l e a s t   3 ;  

(c)  a  c a t i o n i c a l l y   p o l y m e r i z a b l e   m o n o m e r   h a v i n g   t h e  

f o r m u l a   CH2=CR1R2,   w h e r e i n   R1  and  R2  h a v e   t h e   m e a n -  

i n g s   a b o v e ;   a n d  

(B)  b r i n g i n g   i n t o   c o n t a c t   a b o v e   ( a ) ,   (b)  and   (c)  u n d e r  

p o l y m e r i z a t i o n   c o n d i t i o n s .  

2.  A  m e t h o d   a c c o r d i n g   to   c l a i m   1  c h a r a c t e r i s e d  

in   t h a t   i t   i s   c a r r i e d   o u t   a t   a  t e m p e r a t u r e   of   f r o m   0 

to   6 0 ° C .  

3.  A  g r a f t   p o l y m e r   c h a r a c t e r i s e d . i n   t h a t   i t   ha s   t h e  

f o r m u l a   A [ - C H 2 C R 1 R 2 - ) q ] r ,   w h e r e i n  A   i s   ( - C H 2 C R 1 R 2 ) m Y p - d ,  

w h e r e i n   R1  i s   h y d r o g e n   o r   C1-C3  a l k y l ;   R2  i s   l i n e a r   o r  

b r a n c h e d   C1-C30  a l k y l ;   q  i s   an  i n t e g e r   f r o m   1  t o   1 0 0 ;  

r  i s   an  i n t e g e r   f r o m   3  t o   1500 ;   m  i s   an  i n t e g e r   f r o m  

3  t o   3 0 0 0 ;   Y  i s   C l ,   Br  o r   I ;   p  i s   an  i n t e g e r   of   a t   l e a s t  

3;  and  d  has   a  v a l u e   f r o m   r  to   p .  
4.  A  p o l y h a l o g e n a t e d   compound   c h a r a c t e r i s e d   i n  

t h a t   i t   ha s   t h e   f o r m u l a   ( - C H 2 C R 1 R 2 - ) m Y p ,   w h e r e i n   R  

i s   h y d r o g e n   or   C1-C3  a l k y l ;   R2  i s   l i n e a r   o r   b r a n c h e d  

C1-C30   a l k y l ;   Y  i s   C l ,   Br  o r   I ,   m  i s   an  i n t e g e r   f r o m  

3  to   3 0 0 0 ;   and  p  i s   an  i n t e g e r   of  a t   l e a s t   3 .  

5.  A  m e t h o d   f o r   i n c r e a s i n g   t h e   v i s c o s i t y   o f   o i l  

c h a r a c t e r i s e d   in   t h a t   i t   c o m p r i s e s   a d d i n g   t o   s u c h   o i l  

t h e   g r a f t   p o l y m e r   of   c l a i m   3 .  



6 .  A   c o m p o s i t i o n   c h a r a c t e r i s e d   in   t h a t   i t   c o m p r i s e s  

an  o i l   and  t h e   g r a f t   p o l y m e r   of  c l a i m   3 .  
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